INPUT INRUSH CURRENT CONTROL AND/OR OUTPUT SHORT-CIRCUIT 



CONTROL TO A BOOST CONVERTER IN A POWER SUPPLY 

This application claims the benefit of EP Patent 
Application No. 02023012.4, filed October 15, 2002. 

FIELD OF THE INVENTION 

The invention relates to an electronic circuit for 
limiting an input inrush and/or short-circuit current 
supplied to a boost converter in a power supply. 

BACKGROUND OF THE INVENTION 

Many power supplies have voltage and current limiters 
in order to suppress undesirable and spurious current and 
voltage spikes. Sometimes the voltage spikes are generated 
by electrical equipment using the same power line, other 
times the transient surges are caused by the power supply 
being quickly switched between on and off positions. 

In order to avoid damage to the power supply, inrush 
current needs to be suppressed. In many conventional power 
supplies there is an input capacitor or a capacitor bank. 
The input capacitor or the capacitor bank charges when the 
power supply is initially turned on. In this state, the 
capacitor or the capacitor bank acts as a short-circuit and 
does not limit input current. As a result, the inrush 
current may activate a circuit breaker or even overload a 
circuit near the power input. 
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To reduce the inrush current most conventional power 
supplies are provided with thermistors and relays. For 
example, United States Patent No. 5,420,780 discloses a 
circuit for limiting an inrush current in a DC power supply. 
The inrush limiting circuit is placed between an alternating 
current (AC) input power line and a power supply input 
capacitor bank. A thermistor is located between the 
capacitor bank and an input diode bridge to limit an initial 
inrush current. Once the input capacitor bank is fully 
charged, an insulated-gate bipolar transistor (IGBT) 
switches a rectified line voltage to a boost power factor 
correction converter circuit to block the thermistor by 
means of a diode. This switching keeps the thermistor cold 
to maintain high resistance in case of a new off /on cycle. 

Thermistors, however, cannot be used with large power 
supplies without risking damage to the thermistor. As a 
result, thermistors are being replaced with a common 
resistor shunted by a triac or a silicon controlled 
rectifier (SCR) . For example, United States Patent No. 
6,055,167 discloses a circuit for limiting an inrush current 
wherein the input inrush current is reduced by phasing up an 
input voltage in a controlled manner. The circuit uses a SCR 
in an input bridge of the circuit to control the input 
inrush current. This arrangement, however, has its 
drawbacks in that if the SCR fails, the power supply will 
ultimately be damaged. 
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Another problem associated with power supplies is high 
current peeks and very high currents in the circuit that 
cause damage to the power supply when short-circuiting the 
direct current (DC) outputs. Conventional power supplies 
are provided with high voltage switches to suppress the 
short-circuit current. These switches are often costly, 
however, and increase the complexity of the circuit. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an 
electronic circuit that limits an input inrush current in a 
power supply as well as limits a short-circuit current when 
short-circuiting a DC output of the power supply while 
reducing costs and/or the complexity of the electronic 
circuit . 

This and other objects are achieved by an electronic 
circuit for limiting an input inrush and/or output short- 
circuit current supplied to a boost converter in a power 
supply wherein the electronic circuit includes a rectifier 
circuit for rectifying an input current of an alternating 
current power supply, and a feedback circuit for feeding 
back a switching signal to the rectifier circuit to switch 
the rectifier circuit on and off. The electronic circuit is 
connected between input lines of the alternating current 
power supply and input lines of the boost converter. 

This and other objects are further achieved by an 
electronic circuit for limiting an input inrush and/or 
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output short-circuit current supplied to a boost converter 
in a power supply wherein the electronic circuit includes a 
rectifier circuit for rectifying an input current of an 
alternating current power supply, and a controllable 
5 rectifying element connected between a current supplying 
output of the rectifier circuit and an input of the boost 
converter for controlling the current supplied to the boost 
converter. A feedback circuit feeds back a switching signal 
to the controllable rectifying element to change the current 
10 supplied to the boost converter. The electronic circuit is 
connected between input lines of the alternating current 
power supply and the input lines of the boost converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic circuit diagram of an 
electronic circuit including a power supply with a boost 
converter according to a first embodiment of the invention. 

Figure 2 is a schematic circuit diagram of an 
electronic circuit including a power supply with a boost 
converter according to a second embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows an electronic circuit including a power 
supply with a boost converter 3 for limiting an input inrush 
25 current and a short-circuit current according to a first 
embodiment of the invention. As shown in Figure 1, the 
circuit includes a rectifier circuit 1 that rectifies an 
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alternating current (AC) input current signal supplied from 
AC input terminals Jl, J2 . The rectifier circuit 1 is 
formed by a bridge circuit with four rectifying elements Dl, 
D2, Ql, Q2. Two of the rectifying elements Ql, Q2, are 
controlled rectifiers that can be switched on or off between 
a conductive or non-conductive state in response to a 
switching signal supplied by lines 5 and 6. The two other 
rectifying elements Dl, D2 may be, for example, diodes as 
shown in the figure or operational amplifier circuits, which 
rectify the AC input signal delivered from the AC input 
' terminals Jl ,' J2 . 

The circuit shown in figure 1 further includes a 
feedback circuit 2. A feedback inductor 12 of the feedback 
circuit 2 is connected at one side to a current supplying 
output of the rectifier circuit to form a first output 
terminal of a bridge circuit. The current supplying output 
of the rectifier circuit corresponds to junction point 7. A 
second output of the bridge circuit corresponds to junction 
point 10. The feedback inductor 12 is connected via two 
shunted resistors Rl, R2 to lines 5 and 6, respectively, 
providing a switching signal to the rectifying elements Ql, 
Q2. The resistors Rl, R2 may be variable resistors or other 
elements that output up to a maximum current. Alternatives 
are for example thermistors, in particular positive 
temperature coefficient (PTC) thermistors that limit their 
own dissipation and allow permanent short-circuit control 
with very low internal dissipation. It is, therefore, 
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possible to feed back a switching signal through the 
feedback circuit 2 to the rectifier circuit 1 to switch the 
rectifying elements Ql, Q2 on or off between the conductive 
or nonconductive states. 

In order to generate the switching signal for switching 
the rectifier circuit 1, the boost converter 3 is connected 
to the current supplying output of the rectifier circuit 1 
by an input inductor II. The input inductor II is connected 
via a diode D3 to a first direct current (DC) output 
terminal J3. Between the input inductor II and the diode 
D3, the input inductor II is connected to a power switch Q3. 
The power switch Q3 may be any controllable switch or power 
switch, such as, a transistor, etc. A power switch control 
12 controls the switching of the power switch Q3 by a 
control signal. A single capacitor CI is connected between 
the DC output terminal J3 and DC output terminal J4 . A 
capacitor bank may also be used instead of the capacitor CI. 
The boost converter 3 will not be described in further 
detail herein, because boost converters, especially in boost 
power factor correction circuits, are well known in the art. 
A detailed description of an exemplary boost power factor 
correction circuit may be found in United States Patent No. 
4, 677,366. 

A current limiting circuit 4 is connected across the AC 
input signal lines from the AC input terminals Jl, J2 to the 
current supplying output of the rectifier circuit 1. The 
current limiting circuit 4 includes two rectifying elements 
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D4, D5 that rectify the AC input current signal supplied 
from the AC input terminals Jl, J2 . The rectified signals 
pass through a resistor R3 that is connected to the current 
supplying output of the rectifier circuit 1. 

The operation of the electronic circuit according to 
the first embodiment and the switching of the rectifying 
elements Ql, Q2 by the switching signal will now be 
described in greater detail. 

The switching signal is generated by the inductive 
coupling of the input inductor II of the boost converter 3 
and the feedback inductor 12 .of the feedback circuit 2. 
When the AC power supply is turned on, the current will flow 
through the current limiting circuit 4 towards the boost 
converter 3 supplying up to a maximum input current to the 
boost converter 3. In this state, the diodes Dl, D2, D4, D5 
build a bridge circuit that rectifies the AC input signal. 
The current supplying output of the initial bridge circuit 
of the diodes Dl, D2, D4, D5 is connected via the resistor 
R3 to the input of the boost converter 3 at junction point 
15. The input signal is thereby supplied via the resistor 
R3 to the boost converter 3, and the resistor R3 in the 
current limiting circuit 4 limits the input inrush current 
into the boost converter 3. 

If a load connected to the DC output terminals J3, J4, 
consumes sufficient power, the inductive coupling of the 
input inductor II of the boost converter 3 will induce a 
sufficiently high voltage in the feedback inductor 12 of the 
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feedback circuit 2. The induced voltage forms a switching 
signal that, in a case where the switching signal is 
sufficiently high, will bring the rectifying elements Ql, Q2 
into the conductive state* As soon as the rectifier circuit 
1 is switched on, the maximum available power from the AC 
power source may be supplied via the AC input terminals Jl, 
J2 and via the rectifier circuit 1 to the boost converter 3. 
The available power to the boost converter 3, and thus an 
attached load, is then only limited by the available power 
of the AC power source. In the state in which the 
rectifying elements Ql, Q2 are in a conducting state, the 
rectifying elements Ql, Q2 and the diodes Dl, D2 build the 
rectifier circuit 1. The rectifying elements Ql, Q2 thereby 
directly supply the input signal to the input of the boost 
converter 3. 

If the DC output terminals J3, J4 are short-circuited, 
the voltage at the input inductor II of the boost converter 
3 will drop to zero volts. As a result, no voltage will be 
induced to the feedback inductor 12. Because no voltage is 
induced to the feedback inductor 12, the rectifier circuit 1 
or the rectifying elements Ql, Q2 are switched off. In this 
case, the current supplied from AC power supply from the AC 
input terminals Jl, J2 is only supplied to the boost 
converter 3 via the current limiting circuit 4. Thus, in 
contrast to the situation where the rectifier circuit 1 is 
switched on and supplies up to the maximum power of the AC 
power supply to the boost converter 3, only a limited 

41149 US 1207254.1 



current will be delivered to the boost converter 3 by 
resistor R3. Hence, the short-circuit current in the power 
supply can be effectively controlled. 

Figure 2 shows an electronic circuit including a power 
supply with a boost converter 3 for limiting an input inrush 
current and a short-circuit current according to a second 
embodiment of the invention. As shown in Figure 2, the 
circuit includes a rectifier circuit 1. The rectifier 
circuit 1 has a similar bridge layout as the first 
embodiment of the invention shown in Figure 1. The 
•rectifier circuit 1 is* connected to . AC input terminals Jl, 
J2 and includes four rectifying elements Dl, D2, D4, D5 . A 
power supplying output at junction point 14 of the rectifier 
circuit 1 is connected via a controlled rectifying element 
Ql to the boost converter 3. The rectifying element may be, 
for example, a diode. A resistor R3 is arranged in parallel 
to the controlled rectifying element Ql. . The resistor R3 
may be, for example, a variable resistor, a normal resistor, 
or the like. Additionally, any element that limits an input 
current to a maximum level and that can be operated in a 
power supply is suitable to be employed as a resistor R3 in 
the circuit. Alternatives are for example thermistors, in 
particular PTC thermistors that limit their own dissipation 
and allow permanent short-circuit control with very low 
internal dissipation. 

A feedback circuit 2 includes a feedback inductor 12 
and a resistor Rl . The feedback inductor 12 is connected 
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between the resistor Rl and junction point 16. The junction 
point 16 is located between the controlled rectifying 
element Ql and an input inductor II of the boost converter 
3. The resistor Rl is connected via a switching signal line 
13 to the controlled rectifying element Ql. A switching 
signal can be applied to the controlled rectifying element 
Ql through line 13, which operates as a switch. 

The boost converter 3 is identical to the boost 
converter 3 described in the first embodiment of the 
invention shown in Figure 1. A detailed description of the 
boost converter 3 of the second embodiment of the invention 
will therefore be omitted. 

The operation of the electronic circuit according to 
the second embodiment and the switching of the controlled 
rectifying elements Ql by the switching signal will now be 
described in greater detail. 

The switching signal of the second embodiment of the 
invention is generated in the same manner as the switching 
signal described in the first embodiment of the invention 
shown in Figure 1 wherein that the switching signal is 
generated by the inductive coupling of the input inductor II 
of the boost converter 3 and the feedback inductor 12 of the 
feedback circuit 2. When the AC power supply is turned on, 
the rectifier circuit 1 will rectify the AC input signal 
supplied from the AC input terminals Jl, J2 . The rectified 
input signals are passed via the resistor R3 to the boost 
converter 3. In this state, the controlled rectifying 
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element Ql is in a nonconductive state, because no voltage 
drops across the input inductor II that could induce voltage 
in the feedback inductor 12. 

If a load attached to the DC output terminals J3, J4 
consumes sufficient power to cause the voltage at the input 
inductor II of the boost converter 3 to be sufficiently- 
high, an induced voltage in the feedback inductor 12 of the 
feedback circuit 2 will bring the controlled rectifying 
element Ql into a conductive state. In this case, the total 
current supplied to the boost converter 3 will flow through 
the controlled -rectifying element Ql. The rectifying 
element Ql has a negligible resistance compared to the 
resistor R3 . 

If the DC output terminals J3, J4 are short-circuited, 
the voltage at the input conductor II will be caused to drop 
to zero volts by the diode D3 and the boost converter 3. 
Because no voltage is induced in the feedback inductor 12, 
the rectifying element Ql is switched off. In this case, 
the current supplied from the AC power supply to the boost 
converter 3 is only supplied through the resistor R3, which 
will limit the maximum current flowing into the boost 
converter 3. Hence, the short-circuit current in the power 
supply can be effectively controlled. 

It is important to recognize that in the first and 
second embodiments of the invention, the switching signal 
can be influenced by the number of windings Nl in the input 
inductor II of the boost converter 3 and the number of 
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windings N2 in the feedback inductor 12 of the feedback 
circuit 2. The induced voltage V I2 of the feedback inductor 
12 is proportional to the ratio of the number of windings 
N2/N1 times the voltage V n of the input inductor II of the 
boost converter 3. Thus, by choosing the appropriate ratio 
N2/N1 the switching voltage may be adapted to individual 
needs. The switching signal, and thus the switching of the 
rectifying elements Ql, Q2 or the controlled rectifying 
element Ql, may also be influenced by the polarization of 
the windings N2 of the feedback inductor 12 of the feedback 
circuit 2, for example, the threshold voltage of the 
rectifying elements Ql, Q2, the threshold voltage of the 
controlled rectifying element Ql, the value of the resistor 
Rl, etc. 
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